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Abstract
Objective—To assess recovery pattern of
left ventricular function secondary to
incessant tachycardia after radiofre-
quency ablation in a group of infants and
children.
Design and setting—A combined prospec-
tive and retrospective echocardiographic
study carried out in a tertiary paediatric
cardiac centre.
Patients—Echocardiographic evaluation
of left ventricular size and function in nine
children with incessant tachycardia, be-
fore and after successful radiofrequency
ablation. Age at ablation ranged from 2
months to 12.5 years (mean 4.1 years).
Recovery of left ventricular function was
analysed in relation to age at ablation
(group I < 18 months, group II > 18
months).
Main outcome measure—Ventricular re-
covery pattern.
Results—Seven of the nine children had
left ventricular dysfunction; six of these
also had left ventricular dilatation. All
children with left ventricular dysfunction
had normalisation of ejection fraction and
fractional shortening; left ventricular
dilatation also improved, but the improve-
ment occurred after recovery of function.
There was a shorter recovery time for left
ventricular function in younger (group I)
than in older children (group II) (mean
(SD) 5.7 (7.2) months v 31.3 (5.2)
(p < 0.002).
Conclusions—Tachycardia induced car-
diomyopathy is reversible following cura-
tive treatment with radiofrequency.
Recovery of left ventricular systolic func-
tion precedes recovery of left ventricular
dilatation. Time course to recovery is
shorter in younger children.
(Heart 1998;79:588–592)
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Incessant or persistent supraventricular
tachycardia can lead to a clinical picture of
dilated cardiomyopathy with an enlarged left
ventricle and reduced systolic function.1–3 The
duration and the rate of the arrhythmia deter-
mine the onset of tachycardia induced
cardiomyopathy.4 5

Reversibility of cardiac dysfunction has been
shown following control of the arrhythmia6 7 or
after successful curative treatment of the
underlying substrate, either by surgery or by
catheter techniques.8–13 The pattern and time
scale of recovery following curative treatment
of incessant tachycardia with radiofrequency
ablation in children is not documented,
however.
Radiofrequency (RF) ablation has been

shown to be a very eVective method of
treatment for several types of arrhythmias in
children, including the incessant forms.11 12 14–16

Some indications for RF ablation include drug
refractory or life threatening arrhythmias and
haemodynamic compromise resulting from the
tachycardia.16 Although there are some reserva-
tions about RF ablation in infants,17 numerous
studies have shown its eVectiveness and its
early and medium term safety, justifying its use
in certain clinical situations.11 12 14–16 18

In this study we examined the pattern of
recovery of left ventricular dysfunction, includ-
ing the time scale to normalisation, using
echocardiography in nine infants and children
who had RF ablation for incessant supraven-
tricular tachycardia.

Methods
PATIENTS

Between January 1992 and October 1996, nine
children (five boys and four girls) presented
with incessant tachycardia, which was unre-
sponsive or only partially controlled by anti-
arrhythmic drugs (table 1). The age at presen-
tation ranged from 1 day to 12.5 years (mean
2.3 years). Seven of the nine patients had left
ventricular dysfunction; six of these also had
left ventricular dilatation. The two with normal
systolic function may have had diastolic
dysfunction, as all the children had symptoms
or signs of heart failure.
The type of tachycardia was diagnosed on

the surface electrocardiogram, and the inces-
sant or persistent nature confirmed on ward or
Holter monitoring. Patients were subdivided
into two groups: group I consisted of four chil-
dren aged less than 18 months at the time of
ablation; group II included the five older
children. One patient had focal atrial tachycar-
dia (FAT). Eight had the permanent form of
junctional reciprocating tachycardia (PJRT).

Group I
All four children in this group had PJRT with
cycle lengths between 280 and 360 ms. The
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mean interval between diagnosis and ablation
was 3.5 months (range from antenatal to 7
months). The age range at ablation was 2 to 17
months (mean 6 months). The three youngest
patients (cases 2, 8, and 9) were treated,
unsuccessfully, with up to three diVerent
antiarrhythmic drugs (including digoxin, vera-
pamil, propranolol, sotolol, and amiodarone)
and were therefore subjected to RF ablation.
The mean age at ablation for these three
patients was 2.5 months and the mean weight
4.7 kg. The fourth patient in this group
(patient 1) presented in late infancy with heart
failure. Early arrhythmia recurrence required a
further seven months of medical treatment, at
which point a second RF ablation was success-
ful. All were treated with antifailure drugs.

Group II
Group II comprised four children with PJRT
with cycle lengths from 360 to 440 ms and one
child with FAT. The mean interval between the
diagnosis of tachycardia and ablation was 35.8
months (range 2 weeks to 61 months). Their
ages at the time of ablation ranged from 4.8
years to 12.5 years (mean 6.9 years). None was

controlled with antiarrhythmic drugs and all
received antifailure treatment.

TREATMENT

Electrophysiological studies were performed
with parental consent under general anaesthe-
sia. Between one and four mapping catheters
were inserted through the femoral veins and,
when necessary, through the subclavian vein.
Group I patients only had one or two mapping
catheters, one always in the His position with
optional ones in the right atrium, right
ventricle, left atrium, or coronary sinus. Intra-
cardiac electrocardiograms were recorded on a
CardioLab system (Prucka Engineering, Hou-
ston, Texas, USA). Ablation catheters, 5F or
7F, were used and these had diVerent curves
and reaches, depending on the child’s age. All
patients were in tachycardia at the time of
ablation and thus programmed stimulation was
not necessary. Ablation was performed during
tachycardia, using a commercial radiofre-
quency generator (HAT 200, Osypka,
Grenzach-Wyhlen, Germany) and with the
ablation catheter at the site of earliest atrial
activation. Radiofrequency energy at 15–40 W
was delivered for 10–40 seconds. Group I
patients received between one and two (mean
1.5) applications of radiofrequency. The proce-
dure was covered with heparin, and then aspi-
rin was prescribed for three months.
Before treatment, cross sectional echocardi-

ography had excluded structural heart disease.
M mode echocardiography was used to assess
left ventricular size and function. Left ventricu-
lar end diastolic dimension (LVEDD) and left
ventricular end systolic dimension (LVESD)
were measured and used to calculate ejection
fraction and fractional shortening. Measure-
ments were obtained immediately before and
for a variable period after ablation until left
ventricular function returned to normal.

STATISTICAL ANALYSIS

All values were expressed as mean (SD). The
comparison between echocardiographic meas-
urements and between groups on the basis of
recovery time was performed using the Stu-
dent’s t test; z scores19 were calculated to
express enlargement of left ventricular systolic
and diastolic dimensions compared with nor-
mal values20 21 and to assess recovery of these
variables independently of changes in body
weight. The z score was calculated as [observed
dimension − mean normal dimension] ÷
standard deviation around the mean dimen-
sion.

Results
OUTCOME OF ABLATION

Ten ablation procedures were performed on
the nine children. In the patient with FAT, the
earliest intracardiac atrial activation was in the
roof of the right atrium and measured −29 ms
compared with the surface P wave. In the PJRT
group, the tachycardia cycle length and the RP
and PR intervals were 360 (52.9) ms, 227
(19.2) ms, 132 (40.8) ms, respectively, and the

Table 1 Patient data

Patient Sex Age at diagnosis Presentation Diagnosis Age at ablation

1 M 10 months CHF PJRT 17 months
2 F Antenatal Fetal hydrops PJRT 2.5 months
3 F 1 month CHF PJRT 5 years
4 M 12 years CHF PJRT 12 years
5 M 5 months CHF PJRT 5 years 6 months
6 M 1 month CHF PJRT 4 years 10 months
7 F 7 years CHF FAT 7 years
8 F 1 month CHF PJRT 2.5 months
9 M Antenatal Tachycardia PJRT 2 months

CHF, congestive heart failure; FAT, focal atrial tachycardia; PJRT, permanent junctional recipro-
cating tachycardia.

Figure 1 (A) Changes in left ventricular ejection fraction
before and after radiofrequency ablation. (B) Changes in
left ventricular fractional shortening before and after
radiofrequency ablation.
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shortest VA interval during tachycardia was in
the right posterior or right posteroseptal
region.
One child required a repeat procedure seven

months later for early recurrence. CompleteAV
block occurred in two patients, transiently in
one (lasting 20 seconds) and persistent in the
other (the patient was aged 2.5 months at abla-
tion), requiring permanent transvenous pac-
ing. No other complications were encountered.

FOLLOW UP

Eight patients were in sinus rhythm and one in
paced rhythm following RF ablation. The
mean (SD) follow up period from the time of
ablation was 13.4 (10.6) months for group I
and 47.4 (10.7) months for group II.

LEFT VENTRICULAR DYSFUNCTION:
ECHOCARDIOGRAPHIC EVALUATION

Seven of the nine children (77.8%) had left
ventricular dysfunction, all of whom recovered
following successful ablation. Six of these also
had left ventricular enlargement (group I 50%;
group II 80%), all of whom improved, four
with full recovery at the time of writing. Two
patients, one with fetal hydrops and another
presenting with heart failure in infancy, had
normal ventricular size and function before
ablation, despite heart failure symptoms.These
two were excluded from statistical analysis of
recovery time in view of their normal preabla-
tion values.
Following RF ablation, left ventricular ejec-

tion fraction increased from 42.6(17.9)% to
71.1(3.0)% (p < 0.003) and shortening frac-
tion from 19.8(8.9)% to 35.2(3.15)%
(p < 0.002) after a mean period of 20.7
months (fig 1A and B). Subgroup analysis
showed a mean recovery time of 5.7 (7.2)
months for group I and 31.3 (5.2) months for
group II (p < 0.002) (fig 2).
The measured LVESD and LVEDD, which

were correlated with body weight, were ex-
pressed as z scores to take into account the
expected changes in left ventricular size with
the patient’s growth. Figure 3 shows the z score
changes before and at a mean of 20.7 months
after the catheter ablation. The pre- and
postablation z scores were 2.97 (2.69) and 0.5
(0.73) for LVESD (p < 0.02) and 2.41 (2.23)
and 0.76 (1.3) for LVEDD (p < 0.07, NS).

Discussion
BACKGROUND

Incessant tachycardia is a well recognised cause
of “cardiomyopathy,” consisting of left ven-
tricular enlargement and impairment of systo-
lic function.1–3 This phenomenon is particularly
apparent in children in whom specific types of
incessant arrhythmias, for example PJRT/FAT,
are usually present in otherwise structurally
normal hearts.

CLINICAL AND EXPERIMENTAL DATA

Several clinical and experimental studies have
shown a causal link between the heart rate and
left ventricular dysfunction.13 22 23 26 Tachycar-
dia cycle length5 and duration of the
arrhythmia4 contribute to left ventricular dys-
function. Many investigators have also ob-
served regression of the cardiomyopathy fol-
lowing normalisation of heart rate in patients
whose arrhythmia was either controlled6 or
cured.9–11 28 There have been similar findings in
experimental models (dogs and pigs)23 26 using
fast atrial pacing. Damiano et al,23 using radio-
nuclide angiography, reported significant re-
duction in ejection fraction in 13 dogs that
were paced for three months at a rate of 190
beats/min. After eight weeks of pacing, there
was no significant change in cardiac output or
stroke volume but there was marked increase in
left ventricular dimension to compensate for
the reduced contraction. Moreover, five of the
13 dogs were followed up for eight weeks after
the pacing period and these showed recovery of
ejection fraction but left ventricular dimension
remained abnormal, indicating secondary
changes which do not recover immediately on
control of tachycardia. Coleman et al showed

Figure 2 Time interval to recovery of left ventricular
ejection fraction after radiofrequency ablation in seven
children with left ventricular dysfunction.
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Figure 3 (A) Left ventricular end diastolic dimension
before and after radiofrequency ablation, expressed in z
scores. (B) Left ventricular end systolic dimension before
and after radiofrequency ablation, expressed in z scores.
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depletion of myocardial energy stores in paced
dogs, giving a plausible explanation for the left
ventricular dysfunction.24 Similar studies on
pigs25–27 confirmed the haemodynamics but also
showed histological and biochemical conse-
quences of persistent tachycardia both on
immature and fully grown animals. In these pig
studies, persistence of left ventricular dilatation
and left ventricular diastolic dysfunction fol-
lowing cessation of pacing indicate potentially
serious changes to the myocardium, even
though systolic function returned to normal
and an early cure for incessant tachycardia
would seem appropriate to preserve the
myocardium.

CURRENT STUDY: RECOVERY OF

CARDIOMYOPATHY

Systolic dysfunction is the first manifestation of
tachycardia cardiomyopathy, followed by left
ventricular dilatation. Two toddlers in group I
who had impaired ventricular function before
ablation did not show left ventricular dilatation
on the echocardiogram, whereas four of five
children in group II had left ventricular dilata-
tion; the only one in group II (patient 6) who
did not show left ventricular enlargement had
persistent tachycardia—that is, intermittent
rather than incessant. This suggests that the
longer the duration of the tachycardia, the
more damaging the eVect on the myocardium.
This study confirms that curing the tachy-

cardia, in our case using RF ablation, results in
resolution of the cardiomyopathy. Left ven-
tricular systolic function, as assessed by
echocardiography, recovered fully in all seven
who had dysfunction before ablation. The time
scale for recovery varied considerably between
groups I and II, implying that the older
children had worse “myocardial damage” (very
likely a reflection of longer duration of
tachycardia). Two children in group II (pa-
tients 4 and 5) who were initially diagnosed as
suVering from primary cardiomyopathy were
successfully treated for incessant tachycardia,
resulting in recovery of systolic function. This
recovery took up to three years; cardiac
enlargement, however, persisted despite a
marked improvement in LVEDD. On the other
hand, two infants in group I (patients 8 and 9)
who had left ventricular dysfunction but with
no cardiac enlargement, showed normalisation
of ejection fraction and fractional shortening
within weeks of successful ablation. Thus the
more advanced the cardiomyopathy, the slower
and more incomplete was the recovery.

AVAILABLE TREATMENT

Ventricular dysfunction caused by incessant
tachycardia does not usually improve with
medical treatment.9 11 Curative procedures
have included catheter ablation, initially using
direct current and, more recently, radiofre-
quency or surgery. RF ablation is a recognised
therapeutic curative technique for many tachy-
cardia substrates, with a high success rate and
few complications even in children.11 14–16 29

Although complications have occurred, the
learning curve for this relatively new technique
must be taken into account. An injudicious

number of radiofrequency applications, how-
ever, can inevitably lead to serious
complications.30 There have only been isolated
case reports of successful catheter ablation for
incessant tachycardia in children with recovery
of left ventricular function,31 and only one
study addressing recovery time.13 The potential
long term adverse eVects of RF ablation have to
be balanced against the recognised eVects of
incessant tachycardia on left ventricular func-
tion. It was technically feasible to perform the
ablation in very young children whose average
weight was 4.7 kg, and with an average of 1.5
radiofrequency applications. Complete AV
block is undoubtedly a major complication. In
our patient who needed a pacemaker, PJRT
was abolished within three seconds of the first
radiofrequency application, but junctional
tachycardia led to catheter movement resulting
in AV block. The use of temperature controlled
ablation catheters, back up pacing, or cessation
of energy delivery during junctional tachycar-
dia may reduce this risk. None of the patients
has had a recurrence of the arrhythmia over a
modest follow up period, and all are asympto-
matic.

CONCLUSION

Incessant tachycardia frequently causes “car-
diomyopathy,” resulting in left ventricular dys-
function followed by cardiac enlargement.
These changes are reversible following cure of
the tachycardia; however, the recovery time is
related to the duration of the tachycardia, is
significantly shorter in infants, and cardiac
enlargement takes longer to resolve than
cardiac function. RF ablation provides an
eVective cure for children with incessant
supraventricular tachycardia and should be
resorted to at an early stage, particularly if
there is left ventricular dysfunction, in order to
minimise myocardial damage from the arrhyth-
mia.
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IMAGES IN CARDIOLOGY

Congenital morphologies of the aortic valve

A collection of the diVerent congenital morphologies of the aortic valve seen by echocardiography. From right to left:
monocuspid, bicuspid, tricuspid, and multicuspid valves are shown with systolic view on the upper and diastolic view on
the lower side.
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